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Description 



Fieid of the Inventi n 



5 [0001] This invention relates to recombinant, in particular humanised, antibody molecules having specificity for an- 
tigenic detemiinants of tumour necrosis factor alpha (TNF-a), to processes fortheir production using recombinant DNA 
technology, and to their therapeutic uses. 

[0002] For the purposes of the present description the term "recombinant antibody molecule" Is used to describe an 
antibody molecule produced by any process involving the use of recombinant DNA technology, including any analogues 

'0 of natural immunoglobulins or their fragments. 

[0003] Also for the purposes of the present description the term "humanised antibody molecule" is used to describe 
a molecule having an antigen binding site derived from an immunoglobulin from a non-human species, and remaining 
immunoglobulin derived parts of the molecule being derived from a human immunoglobulin. Thus humanised antibody 
molecules include humanised chimeric antibody molecules comprising complete non-human heavy and/or light chain 

'5 variable region domains linked to human constant region domains. Humanised antibody molecules also comprise CDR- 
grafted humanised antibody molecules comprising one or more CDRs from a non-human antibody grafted Into a heavy 
and/or light chain human variable region framework. 

[0004] The antigen binding specificity of antibodies is detemnined by their complementarily determining regions 
(CDRs) which are relatively short peptide sequences earned on the framework regions of the variable domains. There 
20 are 3CDRs, (CDR1 , CDR2 and CDRS) in each of the heavy and light chain variable domains. 

[0005] The abbreviation "MAb" is used to indicate a monoclonal antibody In the present description reference is 
made to a number of publications by number, and these publications are listed in numerical order at the end of the 
description. 

25 Background of the Invention 

[0006] Natural immunoglobulins have been known for many years, as have the various fragments thereof, such as 
the Fab, Fv, (Fab')2 and Fc fragments, which can be derived by enzymatic cleavage. Natural immunoglobulins comprise 
a generally Y-shaped molecule having an antigen-binding site towards the end of each upper arm. The remainder of 
30 the structure, and particularly the stem of the Y, mediates the effector functions associated with immunoglobulins. 
[0007] Natural immunoglobulins have been used in assay, diagnosis and, to a more limited extent, therapy. However, 
such uses, especially in therapy, were hindered until recently by the polyclonal nature of natural Immunoglobulins. A 
significant step towards the realisation of the potential of immunoglobulins as therapeutic agents was the discovery of 
procedures for the reproducible production of monoclonal antibodies (MAbs) of defined specificity (1). 
35 [0008] However, most MAbs are produced by hybridomas which are fusions of rodent spleen cells with rodent my- 
eloma cells. They are therefore essentially rodent proteins. There are very few reports of the production of human MAbs. 
[0009] Since most available MAbs are of rodent origin, they are naturally antigenic in humans and thus can give rise 
to an undesirable immune response termed the HAMA (Human Anti-Mouse Antibody) response if the MAb Is admin- 
istered to a human. Therefore, the use of rodent MAbs as therapeutic agents in humans is inherently limited by the 
fact that the human subject will mount an Immunological response to the MAb and will either remove it entirely or at 
least reduce its effectiveness. In practice, MAbs of rodent origin may not be used in patients for more than one or a 
few treatments as a HAMA response soon develops rendering the MAb ineffective as well as giving rise to undesirable 
reactions. For instance, 0KT3 a mouse lgG2a/k MAb which recognises an antigen In the T-cell receptor-CD3 complex 
has been approved for use In many countries throughout the world as an immunosuppressant in the treatment of acute 
allograft rejection [Chatenoud e^ (2) and Jeffers eTal (3)]. However, in view of the rodent nature of this and other 
such MAbs, a significant HAMA response which may include a major anti-idiotype component, may build up on use. 
Clearly. It would be highly desirable to diminish or abolish this undesirable HAMA response and thus enlarge the areas 
of use of such antibodies. 

[0010] Proposals have therefore been made to render non-human MAbs less antigenic in humans. Such techniques 
can be generically tenned "humanisation" techniques. These techniques typically involve the use of recombinant DNA 
technology to manipulate DNA sequences encoding the polypeptide chains of the antibody molecule. 
[0011] Early methods for humanising MAbs involved production of chimeric antibodies in which an antigen binding 
site comprising the complete variable domains of one antibody is linked to constant domains derived from another 
antibody. Methods for carrying out such chimerisation procedures are described in EP01 20694 (Celltech Limited), 
EP0125023 (Genentech Inc. and City of Hope), EP-A-0 171496 (Res. Dev. Corp. Japan), EP-A-0 173 494 (Stanford 
University), and WO 86/01533 (Celltech Limited). These prior patent applications generally disclose processes for 
preparing antibody molecules having the variable domains from a mouse MAb and the constant domains from a human 
immunoglobulin. Such humanised chimeric antibodies, however, still contain a significant proportion of non-human 
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amino acid sequence, i.e. the complete non-human variable domains, and thus may still elicit some HAMA response, 
particularly if administered over a prolonged period [Begent eyil (ref. 4)]. 

[0012] In an alternative approach, described in EP-A-0239400 (Winter), the complementarity determining regions 
(CDRs) of a mouse MAb have been grafted onto the framework regions of the variable domains of a human Immu- 
noglobulin by site directed mutagenesis using long oligonucleotides. Such CDR-grafted humanised antibodies are 
much less likely to give rise to a HAMA response than humanised chimeric antibodies In view of the much lower 
proportion of non-human amino acid sequence which they contain. 

[0013] The earliest work on humanising MAbs by CDR-grafting was carried out on l\4Abs recognising synthetic an- 
tigens, such as the NP or NIP antigens. However, examples in which a mouse MAb recognising lysozyme and a rat 
MAb recognising an antigen on human T-cells were humanised by CDR-graftIng have been described by Verhoeyen 
et_al (5) and Riechmann etal (6) respectively. The preparation of CDR-grafted antibody to the antigen on human T 
cells is also described in WO 89/07452 (Medical Research Council). 

[0014] In Riechmann etal/Medical Research Council it was found that transfer of the CDR regions alone [as defined 
by Kabat refs. (7) and (8)) was not sufficient to provide satisfactory antigen binding activity in the GQR-grafted product. 
Riechmann et_al found that It was necessary to convert a serine residue at position 27 of the human heavy chain 
sequence to the corresponding rat phenylalanine residue to obtain a CDR-grafted product having improved antigen 
binding activity. This residue at position 27 of the heavy chain is within the structural loop adjacent to CDR1 . A further 
construct which additionally contained a human serine to rat tyrosine change at position 30 of the heavy chain did not 
have a significantly altered binding activity over the humanised antibody with the serine to phenylalanine change at 
position 27 alone. These results Indicated that changes to residues of the human sequence outside the CDR regions, 
in particular in the structural loop adjacent to CDR1 of the heavy chain, may be necessary to obtain effective antigen 
binding activity for CDR-grafted antibodies which recognise more complex antigens. Even so the binding affinity of the 
best CDR-grafted antibodies obtained was still significantly less than the original MAb. 

[001 5] Recently Queen etal (9) have described the preparation of a humanised antibody that binds to an interleukin 
2 receptor, by combining the CDRs of a murine MAb (antl-Tac) with human Immunoglobulin framework and constant 
regions. The human framework regions were chosen to maximise homology with the antl-Tac MAb sequence. In addition 
computer modelling was used to identify framework amino acid residues which were likely to Interact with the CDRs 
or antigen, and mouse amino acids were used at these positions in the humanised antibody. 
[001 6] In WO90/07861 Queen etal propose four criteria for designing humanised immunoglobulins. The first criterion 
is to use as the human acceptor the framewori< from a particular human immunoglobulin that is unusually homologous 
to the non-human donor immunoglobulin to be humanised, or to use a consensus framework from many human anti- 
bodies. The second criterion is to use the donor amino acid rather than the acceptor If the human acceptor residue is 
unusual and the donor residue is typical for human sequences at a specific residue of the framework. The third criterion 
Is to use the donor framework amino acid residue rather than the acceptor at positions Immediately adjacent to the 
CDRs. The fourth criterion is to use the donor amino acid residue at framework positions at which the amino acid is 
predicted to have a side chain atom within about 3 A of the CDRs in a three-dimensional immunoglobulin model and 
to be capable of interacting with the antigen or with the CDRs of the humanised immunoglobulin. It is proposed that 
the second, third or fourth criteria may be applied in addition or alternatively to the first criterion, and may be applied 
singly or in any combination. 

[0017] WO90/07861 describes In detail the preparation of a single CDR-grafted humanised antibody, a humanised 
antibody having specificity for the p55 Tac protein of the IL-2 receptor. The combination of all four criteria, as above, 
were employed in designing this humanised antibody, the variable region frameworks of the human antibody EU (7) 
being used as acceptor. In the resultant humanised antibody the donor CDRs were as defined by Kabat etal (7 and 
8) and in addition the mouse donor residues were used In place of the human acceptor residues, at positions 27, 30, 
48, 66, 67, 89, 91 , 94, 103, 104, 105 and 107 In the heavy chain and at positions 48, 60 and 63 in the light chain, of 
the variable region frameworks. The humanised antl-Tac antibody obtained is reported to have an affinity for p55 of 3 
x 109 about one-third of that of the murine MAb. 

[0018] We have further investigated the preparation of CDR-grafted humanised antibody molecules and have iden- 
tified a hierarchy of positions within the framework of the variable regions (i.e. outside both the Kabat CDRs and stmc- 
tural loops of the variable regions) at which the amino acid identities of the residues are important for obtaining CDR- 
grafted products with satisfactory binding affinity. This has enabled us to establish a protocol for-obtaining satisfactory 
CDR-grafted products which may be applied very widely irrespective of the level of homology between the donor 
Immunoglobulin and acceptor framework. The set of residues which we have Identified as being of critical Importance 
overiaps but does not coincide with the residues identified by Queen et^ (9). Our copending International patent 
application WO91/09967 describes this protocol forthe preparation of CDR-grafted, in particular humanised, antibody 
heavy and light chains and complete molecules of any desired specificity. The full disclosure of International patent 
application WO/91/09967 is incorporated in the present description by reference. 

[0019] Tempest etal (10) have very recently described the preparation of a reshaped human monoclonal antibody 
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for use in inhibiting human respiratory syncytial virus (RSV) infection in vivo. This reshaped antibody was prepared by 
grafting synthetic oligo nucleotides coding for the CDRs of a murine IVIAb, which neutralises RSV infection, by site - 
directed mutagenesis into DNA coding for the frameworks of a human lgG1 , monoclonal antibody. However the simple 
reshaped antibody in which the CDRs alone had been transferred between mouse and human antibodies had only 
very poor binding for RSV which was not significantly above background. In order to partially restore binding ability it 
proved necessary to additionally convert human residues to mouse residues in a frameworl< region adjacent to CDR3 
of the heavy chain. Tempest et al did not convert human residues to mouse residues at important positions identified 
in the protocol of WO91/09967. 

[0020] TNFa is a cytokine which is released by and interacts with cells of the immune system. Thus TNFa Is released 
by macrophages whteh have been activated by lipopolysaccharide (LPS) of gram negative bacteria. As such TNFa 
appears to be an endogenous mediator of central importance involved in the development and pathogenesis of endo- 
toxic shock associated with bacterial sepsis. Antibodies to TNFa has been proposed for the prophylaxis and treatment 
of endotoxic shock (Beutler e^ (11)). However the antibodies to TNFa currently available for use In such treatment 
are typically murine MAbs. As such these murine M Abs are of only limited use for treatment of humans in view of the 
undesirable HAMA (Human Anti-Mouse Antibody) response which they can elicit If used for more than one or a few 
treatments. It is thus a highly desirable objective to prepare humanised anti-TNFa products for use in human therapy. 
[0021] Ourco-pending International patent application WO91/09967 describes, among otherthings, the preparation 
of humanised CDR-grafted antibody products which have specificity for TNFa. In partk:ular WO91/09967 describes, 
in Example 6, preparation of specific humanised CDR grafted antibodies to human TNFa derived from the murine anti- 
human TNFa IVIAbs Identified as 61E71 (alternatively known as CB0006), hTNF1 (alternatively known as CB0010), 
hTNF3 and 1 01 .4. The present application relates specifically to recombinant, in particular humanised, antibodies to 
human TNFa. including those described in WO91/09967 and further improved humanised CDR-grafted antibodies to 
human TNFa based upon the hTHFI (CB0010) and 101 .4 murine MAbs. Further studies of various anti-human TNFa 
murine MAbs have revealed that hTNFI and 1 01 .4 have particularly desirable properties for use in antl-TNF therapy. 

Summary of the Invention 

[0022] Accordingly the present Invention provides recombinant antibody molecules which have specificity for human 
TNFa. 

[0023] The recombinant antibody molecules of the Invention are preferably TNF neutralising, i.e. are capable of 

reducing or inhibiting a biological activity of human TNFa as measured by an in vitro or in vivo test. 

[0024] Preferably the invention provides recombinant antibody molecules having antigen binding sites derived from 

the murine MAbs CB0006. CB001 0. hTNF3 or 1 01 .4, especially from the murine MAbs CB001 0 or 1 01 .4. 

[0025] Preferably the recombinant antibody molecules of the Invention are humanised antibody molecules including 

both chimeric humanised antibody molecules and CDR-grafted humanised antibody molecules. 

[0026] For the purposes of the present description a "chimeric humanised antibody molecule" comprises complete 

non-human (e.g. murine MAb) variable domains linked to human constant domains, and a "CDR-grafted humanised 

antibody molecule" comprises an antibody heavy and/or light chain containing one or more CDRs from a non-human 

antibody (e.g. a murine MAb) grafted into a human heavy and/or light chain variable region framework. 

[0027] The CDR-grafted humanised antl-TNFa antibody products of this invention include anti-human TNFa antibody 

heavy and light chain and molecule products as defined In the first, second, third and fourth aspects of the invention 

described in WO91/09967. 

Detailed Description of the Invention 

[0028] Thus in first preferred embodiments, the invention provides a CDR-grafted humanised anti-hTNFa antibody 
heavy chain having a variable region domain comprising human acceptor framework and donor antigen binding regions 
wherein the framework comprises donor residues at at least one of positions 6, 23 and/or 24, 48 and/or 49, 71 and/or 
73, 75 and/or 76 and/or 78 and 88 and/or 91 . 

[0029] Preferably in these first preferred embodiments, the heavy chain framework comprises donor residues at 
positions 23, 24, 49. 71 , 73 and 78 or at positions 23, 24 and 49. The residues at positions 71 , 73 and 78 of the heavy 
chain framework are preferably either all acceptor or all donor residues. 

[0O30] Especially in these first prefen-ed embodiments the heavy chain framework additionally comprises donor res- 
idues at one, some or all of positions 6, 37, 48 and 94. Also it is particularly preferred that residues at positions of the 
heavy chain framework which are commonly conserved across species, i.e. positions 2, 4, 25, 36, 39, 47, 93, 103, 
1 04, 1 06 and 1 07, if not conserved between donor and acceptor, additionally comprise donor residues. Most preferably 
the heavy chain framework additionally comprises donor residues at positions 2, 4, 6, 25 36 37 39 47 48 93 94 
103, 104, 106 and 107. 
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[0031] In addition the heavy chain framework optionally comprises donor residues at one, some or all of positions: 

1 and 3, 
72 and 76, 

5 69 (if 48 is different between donor and acceptor), 

38 and 46 (if 48 is the donor residue), 
80 and 20 (if 69 is the donor residue), 
67, 

82 and 18 (if 67 is the donor residue), 
10 91, 

88, and 

any one or more of 9, 11,41,87, 108, 110 and 112. 

[0032] In the present description, typically the donor antibody is a non-human anti-hJNFa antibody, such as a rodent 

15 MAb, and the acceptor antibody is a human antibody. 

[0033] In the CDR-grafted humanised anti-hTNFa antibodies of the present invention, the donor antigen binding 
region typically comprises at least one CDR from the donor antibody Usually the donor antigen binding region com- 
prises at least two and preferably all three CDRs of each of the heavy chain and/or light chain variable regions. The 
CDRs may comprise the Kabat CDRs, the structural loop CDRs or a composite of the Kabat and structural loop CDRs 

20 and any combination of any of these. 

[0034] Preferably, the antigen binding regions of the CDR-grafted heavy chain variable domain comprise CDRs 
corresponding to the Kabat CDRs at CDR2 (residues 50-65) and CDRS (residues 95-102) and a composite of the 
Kabat and structural loop CDRs at CDR1 (residues 26-35). These preferred CDR designations are preferably used for 
the CDR-grafted heavy chains of the first preferred embodiments, i.e. residues 26-30 are included within CDR1. 

25 [0035] The residue designations given above and elsewhere in the present application are numbered according to 
the Kabat numbering [refs. (7) and (8)], Thus the residue designations do not always correspond directly with the linear 
numbering of the amino acid residues. The actual linear amino acid sequence may contain fewer or additional amino 
acids than In the strict Kabat numbering corresponding to a shortening of, or Insertion into, a structural component, 
whether framework or CDR, of the basic variable domain structure. For example, the heavy chain variable region of 

30 the antl-Tac antibody described by Queen etal (9) contains a single amino acid insert (residue 52a) after residue 52 
of CDR2 and a three amino acid insert (residues 82a, 82b and 82c) after framework residue 82, in the Kabat numbering. 
The correct Kabat numbering of residues may be determined for a given antibody by alignment at regions of homology 
of the sequence of the antibody with a "standard" Kabat numbered sequence. 

[0036] It will be appreciated that when the CDR-grafted humanised antibody molecule embodiments of the invention, 
35 as described above and elsewhere in the present description , are applied to a particular donor/acceptor antibody pair, 
in some cases the donor and acceptor amino acid residues may be identical at a particular position Identified for change 
to the donor residue, and thus no change or acceptor frameworic residue is required. 

[0037] The invention also provides in second preferred embodiments a CDR-grafted humanised anti-hTNFa antibody 
light chain having a variable region domain comprising human acceptor framework and donor antigen binding regions 
40 wherein the framework comprises donor residues at at least one of positions 1 and/or 3 and 46 and/or 47. 

[0038] Preferably the CDR grafted light chain of the second preferred embodiment comprises donor residues at 
positions 46 and/or 47. 

[0039] The Invention also provides in third preferred embodiments a CDR-grafted humanised anti-hTNFa antibody 
light chain having a variable region domain comprising human acceptor framework and donor antigen binding regions 
45 wherein the framework comprises donor residues at at least one of positions 46, 48, 58 and 71 . 

[0040] In the third prefenred embodiments, the framework preferably comprises donor residues at all of positions 46, 
48, 58 and 71 . 

[0041] In particularly preferred embodiments of the second and third prefered embodiments, the frameworic addi- 
tionally comprises donor residues at positions 36, 44, 47, 85 and 87. Similariy positions of the light chain frameworic 
50 which are commonly conserved across species, i.e. positions 2, 4, 6, 35, 49, 62, 64-69, 98, 99, 101 and 102, If not 
conserved between donor and human acceptor, additionally comprise donor residues. Most preferably the light chain 
framewori< additionally comprises donor residues at positions 2, 4, 6, 35, 36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99, 
101 and 102. 

[0042] In addition the framework of the second or third preferred embodiments optionally comprises donor residues 
55 at one, some or all of positions: 

1 and 3, 
63, 
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60 (if 60 and 54 are able to form at potential saltbridge), 
70 (if 70 and 24 are able to fonm a potential saltbridge), 
73 and 21 (if 47 is different between donor and acceptor), 
37 and 45 (it 47 is different between donor and acceptor), and 
5 any one or more of 10, 12, 40, 80, 103 and 105. 

[0043] Preferably, the antigen binding regions of the CDR-grafted light chain variable domain, including those of the 
second and third preferred embodiments described above, comprise CDRs corresponding to the Kabat CDRs at CDR1 
(residue 24-34), CDR2 (residues 50-56) and CDR3 (residues 89-97). 
10 [0044] The invention further provides in a fourth preferred embodiment a CDR-grafted antibody molecule comprising 
at least one CDR-grafted heavy chain and at least one CDR-grafted light chain according to the first and second or 
first and third preferred embodiments of the invention. 

[0045] in a first particularly preferred embodiment, however, the invention provides a CDR-grafted humanised anti- 
body heavy chain having a variable region domain comprising human acceptor framework (especially EU human ac- 
is ceptor frameworic) and hTNF1 donor antigen binding regions wherein the frameworlc comprises hTNF1 donor residues 
at positions 12, 27, 30, 38, 46. 48. 66, 67, 69, 71, 73, 76, 83, 89. 91 and 94. 

[0046] The EU heavy chain frameworl< has residues in framework 4 (FR4) of the heavy chain which are anomalous 
for human heavy chain frameworks. Thus preferably human consensus residues are used in place of EU residues in 
FR4 of the heavy chain. In particular, the human consensus residue threonine (T) may be used at position 108. For- 
20 tuitously the murine hTNFI residue at position 108 is also threonine. 

[0047] In a second particularly preferred embodiment the invention provides a CDR-grafted humanised antibody 
light chain having a variable domain comprising human acceptorframework (especially EU human acceptor framework) 
and hTNFI donor antigen binding regions wherein the framework comprises hTNFI donor residues at positions 3, 42 
and 49. 

2S [0048] When the EU human framewori( is used for the light chain it is also desirabie to change residues from EU 
residues at positions 48, 83, 1 06 and 108, as the EU residues at these positions are anomalous for human antibodies. 
Thus the human consensus residues may be used at some or preferably all of these residues, i.e. isoleucine (I) at 
position 48, valine (V) at position 83, isoleucine (I) at position 106 and arginine (R) at position 108. Fortuitously the 
murine hTNFI residues are the same as the human consensus residues at positions 48 (I), 1 06 (i) and 108 (R). How- 

30 ever, the human consensus residue valine (V) at position 83 differs from both the EU residue (F) and the hTNFI residue 
(L) at this position. 

[0049] Especially the invention includes CDR-grafted humanised antibody molecules comprising at least one CDR- 
grafted humanised heavy chain according to the first particularly preferred embodiment and at least one CDR-grafted 
humanised light chain according to the second particularly preferred embodiment. 
35 [0050] Also in a third particularly preferred embodiment the invention provides a CDR-grafted humanised antibody 
heavy chain having a variable region domain comprising human acceptor frameworic (especially KOL human acceptor 
framewori<) and 1 01 .4 donor antigen binding regions wherein the framework comprises 1 01 .4 donor residues at posi- 
tions 4, 1 1 , 23, 24, 28, 73, 77, 78, 79, 91 , 93 and 94. 

[0051] The KOL residue proline (P) at position 108 of the heavy chain Is anomalous for human antibodies. Thus 
40 preferably the human consensus residue leucine (L) is at this position if KOL is used as the human acceptorframework. 
Fortuitously the murine 101 .4 antibody has the human consensus residue (L) at this position. 
[0052] (Moreover in a fourth partlculariy preferred embodiment the invention provides a CDR-grafted humanised 
antibody light chain having a variable region domain comprising human acceptor framework (especially REI human 
acceptorframework) and 101 .4 donor residues at positions 1 , 3, 4 and 73. 
45 [0053] The REI light chain human framework has residues which are anomalous for human antibodies at positions 
39 (threonine, T), 104 (leucine, L), 105 (glutamine, Q), and 107 (threonine, T). Thus when REi is used as the light 
chain frameworic, human consensus residues are used at positions 39 (lysine, K), 104 (valine, V), 105 (glutamic acid, 
E) and 107 (lysine, K). Fortuitously the murine 101.4 residues are the same as the human consensus residues at 
positions 39 (K). 105 (E) and 107 (K). However, the human consensus residue at position 104 (V) differs from the 
so leucine (L) REI and murine 101 .4 residues at this position. 

[0054] Especially also the invention includes CDR grafted humanised antibody molecules comprising at least one 
CDR-grafted humanised heavy chain according to the third particularly preferred embodiment and at least one CDR- 
grafted humanised light chain according to the fourth particularly preferred embodiment. 

[0055] Preferably the Kabat CDRs are used for all of the CDRs (CDRI , CDR2 and CDR3) of both the heavy and 
S5 light chains of the first, second, third and fourth particularly preferred embodiments described above. 

[0056] The recombinant and humanised antibody molecules and chains of the present invention may comprise: a 
complete antibody molecule, having full length heavy and light chains; a fragment thereof, such as a Fab, Fab', F(ab')2 
or Fv fragment; a light chain or heavy chain monomer or dimer; or a single chain antibody, e.g. a single chain Fv in 
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which heavy and light chain variable regions are joined by a peptide linker; or any other recombinant, chimeric or CDR- 
grafted molecule with the same specificity as the original donor antibodies. Similarly the heavy and light chain variable 
region may be combined with other antibody domains as appropriate. 

[0057] Also the heavy or light chains or recombinant or humanised complete antibody molecules of the present 

5 invention may have attached to them an effector or reporter molecule. For instance, It may have a macrocycle, for 
chelating a heavy metal atom, or a toxin, such as ricin, attached to it by a covalent bridging structure. Alternatively, the 
procedures of recombinant DNA technology may be used to produce an immunoglobulin molecule in which the Fc 
fragment or CH3 domain of a complete immunoglobulin molecule has been replaced by, or has attached thereto by 
peptide linkage, a functional non-immunoglobulin protein, such as an enzyme or toxin molecule. 

10 [0058] The amino acid sequences of the heavy and light chain variable domains of the CB001 0,101 .4, CB0006 and 
hTNF3 murine MAbs, CDR-grafted variants thereof and human acceptor antibodies are given in the accompanying 
diagrams Figures 1, 2, 3 and 4 respectively. The recombinant and humanised antibody products of the invention may 
be prepared using recombinant DNA techniques, for instance substantially as described in WO91/09967. 
[0059] Any appropriate human acceptor variable region framework sequences may be used having regard to class/ 

15 type of the donor antibody from which the antigen binding regions are derived. Preferably, the type of human acceptor 
framework used is of the same/similar class/type as the donor antibody. Conveniently, the framework may be chosen 
to maximise/ optimise homology with the donor antibody sequence particularly at positions close or adjacent to the 
CDRs. However, a high level of homology between donor and acceptor sequences is not critical for application of the 
present invention. The present invention identifies a hierarchy of framework residue positions at which donor residues 

20 may be important or desirable for obtaining a CDR-grafted antibody product having satisfactory binding properties. 
The CDR-grafted products usually have binding affinities of at least 10^ M-\ preferably at least about 10® M-\ or 
especially in the range 108-10^2 |p principle, the present invention is applicable to any combination of anti-hTNFa 
donor and human acceptor antibodies irrespective of the level of homology between their sequences. Examples of 
human frameworks which may be used are KOL, NEWM, REI, EU, TUR, TEI, LAY and POM (refs. 7 and 8) and the 

25 like; for instance KOL and NEWM for the heavy chain and REI for the light chain and EU, LAY and POM for both the 
heavy chain and the light chain. 

[0060] Also the constant region domains of the products of the invention may be selected having regard to the pro- 
posed function of the antibody In particular the effector functions which may be required. For example, the constant 
region domains may be human IgA, IgE, IgG or IgM domains. In particular, IgG human constant region domains may 
30 be used, especially of the IgGI and lgG3 isotypes, when the humanised antibody molecule is intended for therapeutic 
uses, and antibody effector functions are required. Alternatively, lgG2 and lgG4 isotypes may be used when the hu- 
manised antibody molecule Is intended for therapeutic purposes and antibody effector functions are not required, e.g. 
for simple blocking of TNF activity. 

[0061] However, the remainder of the antibody molecules need not comprise only protein sequences from immu- 
3S noglobulins. For instance, a gene may be constructed In which a DNA sequence encoding part of a human immu- 
noglobulin chain is fused to a DNA sequence encoding the amino acid sequence of a functional polypeptide such as 
an effector or reporter molecule. 

[0062] In further aspects the invention also includes DNA sequences coding for the recombinant and humanised 
antibody, e.g. CDR-grafted, heavy and light chains, cloning and expression vectors containing the DNA sequences, 
40 host cells transfomned with the DNA sequences and processes for producing the recombinant and humanised, e.g. 
CDR-grafted, chains and antibody molecules comprising expressing the DNA sequences in the transformed host cells. 
[0063] The general methods by which the vectors may be constructed, transfection methods and culture methods 
are well known per se . Such methods are shown, for instance, in references 12 and 13. 

[0064] The DNA sequences whbh encode the anti-hTNFa antibody molecule amino acid sequences may be obtained 
45 by methods well known in the art. For example the anti-TNF coding sequences may be obtained by genomic cloning, 
or cDNA cloning from suitable anti-hTNFa producing hybridoma cell lines. Positive clones may be screened using 
appropriate probes for the heavy and light chain genes in question. Also PCR cloning may be used. DNA sequence 
coding for part or all of the antibody heavy and light chains may be synthetised as desired from the determined DNA 
sequence or on the basis of the corresponding amino acid sequence. 
50 [0065] DNA coding for acceptor, e.g. human acceptor, sequences may be obtained in any appropriate way. For 
example DNA sequences coding for preferred human acceptor frameworks such as KOL, REI, EU and NEWM, are 
widely available to workers in the art, or may be readily synthetised on the basis of their known amino acid sequences 
(see refs. 7 & B). 

[0066] The standard techniques of molecular biology may be used to prepare DNA sequences coding forthe chimeric 
55 and CDR-grafted humanised antibody products. Desired DNA sequences may be synthesised completely or in part 
using oligonucleotide synthesis techniques. Site-directed mutagenesis and polymerase chain reaction (PCR) tech- 
niques may be used as appropriate. For example oligonucleotide directed synthesis as described by Jones etal (ref. 
14) maybe used. Also oligonucleotide directed mutagenesis of a pre-existing variable region as, for example, described 
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by Verhoeyen etal (ref . 5) or Riechmann et al (ref. 6) may be used. Also enzymatic filling in of gapped oligonucleotides 
using T4 DNA polymerase as, for example, described by Queen et al (ref. 9) may be used. 
[0067] Any suitable host cell/vector system may be used for expression of the DNA sequences coding for the re- 
combinant, chimeric and CDR-grafted humanised antibody heavy and light chains. Bacterial e.g. E. coll. and other 

5 microbial systems may be used, in particular for expression of antibody fragments such as Fab and F(ab')2 fragments, 
and especially Fv fragments and single chain antibody fragments e.g. single chain Fvs. Eucaryotic e.g. mammalian 
host cell expression systems may be used for production of larger CDR-grafted antibody products, including complete 
antibody molecules, and/or if glycosylated products are required. Suitable mammalian host ceils include CHO celts 
and myeloma or hybridoma cell lines. 

10 [0068] Thus, in a further aspect the present invention provides a process for producing a recombinant or humanised 
anti-hTNFa antibody product comprising: 

(a) producing in an expression vector an operon having a DNA sequence which encodes an anti-hTNFa antibody 
heavy chain; 

15 and/or 

(b) producing in an expression vector an operon having a DNA sequence which encodes a complementary anti- 
hTNFa antibody light chain; 

(c) transfecting a host cell with the or each vector; and 

(d) culturing the transfected cell line to produce the recombinant anti-hTNFa antibody product. 

20 

[0069] The recombinant or humanised anti-hTNFa product may comprise only heavy or light chain derived polypep- 
tide, in which case only a heavy chain or light chain polypeptide coding sequence is used to transfect the host cells. 
For production of products comprising both heavy and light chains, the cell line may be transfected with two vectors, 
a first vector containing an operon encoding a light chain-derived polypeptide and a second vector containing an operon 
25 encoding a heavy chain-derived polypeptide. Preferably, the vectors are identical, except In so far as the coding se- 
quences and selectable markers are concerned, so as to ensure as far as possible that each polypeptide chain is 
equally expressed. Alternatively, a single vector may be used, the vector including the sequences encoding both light 
chain- and heavy chain-derived polypeptides. 

[0070] The DNA in the coding sequences for the light and heavy chains may comprise cDNA or genomic DNA or both. 
30 [0071 ] The Invention also includes therapeutic and diagnostic compositions comprising the recombinant and human- 
ised antibody products of the invention and the uses of these products and the compositions in therapy and diagnosis. 
[0072] Thus in a further aspect the invention provides a therapeutic or diagnostic composition comprising a recom- 
binant or humanised antibody according to the invention in combination with a pharmaceutically acceptable excipient, 
diluent or carrier. 

35 [0073] The invention also provides a process for the preparation of a therapeutic or diagnostic composition compris- 
ing admixing a recombinant or humanised antibody according to the invention together with a pharmaceutically ac- 
ceptable excipient, diluent or carrier. 

[0074] The recombinant or humanised antibody may be the sole active ingredient in the therapeutic or diagnostic 
composition or may be accompanied by one or more other active ingredients including other antibody Ingredients, e. 
40 g, anti-T cell, anti-IFNy or anti-LPS antibodies, or non-antibody ingredients such as xanthines. The therapeutic and 
diagnostic compositions may be in unit dosage form, in which case each unit dose comprises an effective amount of 
the recombinant or humanised antibody of the invention. 

[0075] Furthermore, the invention also provides methods of therapy and diagnosis comprising administering an ef- 
fective amount of a recombinant or humanised antibody according to the invention to a human or animal subject. 
45 [0076] The antibodies and compositions may be utilised in any therapy where it Is desired to reduce the level of TNF 
present in the human or animal body. The TNF may be in circulation in the body or present in an undesirably high level 
localised at a particular site in the body. 

[0077] For example, elevated levels of TNF are implicated in immunoregulatory and inflammatory disorders and in 
septic, or endotoxic, and cardiovascular shock. The antibody or composition may be utilised in therapy of conditions 
50 which include sepsis, septic or endotoxic shock, cachexia, adult respiratory distress syndrome, AIDS, allergies, pso- 
riasis, T.B., inflammatory bone disorders, blood coagulation disorders, bums, rejection episodes following organ or 
tissue transpiant and autoimmune disease e.g. organ specific disease such as thyroiditis or non-specific organ diseases 
such as rheumatoid and osteo-arthritis. 

[0078] Additionally, the antibody or composition may be used to ameliorate side effects associated with TNF gener- 
55 ation during neoplastic therapy and also to eliminate or ameliorate shock related symptoms associated with the treat- 
ment or prevention of graft rejection by use of an anti lymphocyte antibody, or may be used for treating multi-organ 
failure (MOF). 

[0079] The recombinant and humanised antibodies and compositions of the invention are preferably for treatment 
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of sepsis or septic/endotoxic shock. 

[0080] The antibodies and compositions may be tor administration in any appropriate form and amount according 
to the therapy in which they are employed. This may be for prophylactic use, for example where circumstances are 
such that an elevation in the level of TNF might be expected or alternatively, they may be for use in reducing the level 

5 of TNF after it has reached an undesirably high level or as the level is rising. 

[0081] The therapeutic or diagnostic composition may tal<e any suitable form for administration, and, preferably is 
in a fonri suitable for parenteral administration e.g. by injection or infusion, for example by bolus injection or continuous 
Infusion. Where the product is for Injection or infusion, it may take the form of a suspension, solution or emulsion in an 
oily or aqueous vehicle and it may contain formulatory agents such as suspending, preservative, stabilising and/or 

10 dispersing agents. 

[0082] Alternatively, the antibody or composition may be in dry fomi, for reconstitutlon before use with an appropriate 
sterile liquid. 

[0083] If the antibody or composition is suitable for oral administration, e.g. in the case of antibody fragments, the 
fomnulation may contain, in addition to the active ingredient, additives such as: starch - e.g. potato, maize or wheat 
starch or cellulose - or starch derivatives such as microcrystalline cellulose; silica; various sugars such as lactose; 
magnesium carbonate and/or calcium phosphate. It is desirable that, if the fonnulation is for oral administration it will 
be well tolerated by the patients digestive system. To this end, it may be desirable to include in the formulation mucus 
formers and resins. It may also be desirable to Improve tolerance by formulating the antibody or compositions in a 
capsule which is insoluble in the gastric juices. It may also be preferable to include the antibody or composition in a 

20 controlled release formulation. 

[0084] In a still further aspect of the invention, there is provided a method of treatment of a human or animal subject 
suffering from or at risk of a disorder associated with an undesirably high level of TNF, the method comprising admin- 
istering to the subject an effective amount of the antibody or composition of the invention. In particular, the human or 
animal subject may be suffering from, or at risk from, sepsis, or septic or endotoxic shock. 

25 [0085] The dose at which the antibody is administered depends on the nature of the condition to be treated, the 
degree to which the TNF to be neutralised is, or is expected to be, raised above a desirable level, and on whether the 
antibody is being used prophylactically or to treat an existing condition. The dose will also be selected according to 
the age and conditions of the patient. 

[0086] Thus, for example, where the product is for treatment or prophylaxis of septic shock suitable doses of antibody 
30 to TNF lie In the range 0.001 -30mg/kg/day, preferably 0.01 -1 Omg/kg/day and particularly preferably 0.1 -2mg/kg/day 
[0087] The antibody products may be used in diagnosis e.g. in m vivo diagnosis and imaging of disease states 
Involving elevated TNF levels, 

[0088] The invention is further described by way of Illustration only in the following Examples which refers to the 
accompanying diagrams, Figures 1-6. 

35 

Brief Description of the Figures 
[0089] 

40 Figure 1 shows amino acid sequences forthe variable domains of the heavy and light chains forthe human acceptor 

antibody EU (1 EU), the murine MAb CB001 0(htnf1) and humanised CDR grafted light (gEU) and heavy (2hEUg) 
chains; 

Figure 2 shows amino acid sequences for the variable region domains of the human acceptor antibodies REI (1 r 
45 e f) forthe light chain and KOL (KOL) for the heavy chain, of the heavy and light chains of the murine MAb 101 .4 

(101/4) and humanised grafted light and heavy chains (both designated g1014); 

Figures shows amino acid sequences forthe variable region domains of the human acceptor antibodies REI (REI) 
for the light chain and KOL (KOL) for the heavy chain, of the heavy and light chains of the murine MAb CB0006 
50 (CB6) and humanised grafted light and heavy chains (both designated gCB6); 

Figure 4 shows amino acid sequences for the variable region domains of the human acceptor antibodies REI (REI) 
forthe light chain and KOL (KOL) forthe heavy chain, of the heavy (HTNF3) and light (hTNF3) chains of the murine 
MAb HTNF3 and humanised grafted light (gHTNFS) and heavy (ghTNF3) chains; 

55 

Figure 5 shows a graph comparing the ability of murine CB0010 (hTNFI) and CDR-grafted CB0010 (GrhTNFI; 
CDP571) to compete with HRP-conjugated murine HTNFI for binding to recombinant human TNFa, and 
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Figure 6 shows a graph comparing the ability of murine HTNF1 (CB0010) and CDR-grafted HTNF1 (CP571) to 
neutralise recombinant TNFa in the L929 bioassay. 

Detail d Description of Embodiments of the Invention 

5 

Example 1 

CDR'Grafting of murine antl-TNFa antibodies 

10 [0090] A number of murine anti-human TNFa MAbs were CDR-grafted substantially as described in detail In 
WO91/09967 for the CDR-grafting of the murine anti-CD3 antibody 0KT3. In this and subsequent Examples, the chi- 
meric and CDR-grafted humanised antibodies were prepared using human lgG4 constant region domains, substantially 
as described for preparation of 74 chimeric and CDR-grafted 0KT3 antibodies in WO91/09967. It will be appreciated, 
however, that human constant region domains of other types and isotypes, e.g. IgGI , lgG2 and IgGS, could also have 

IS been used without significantly altering the procedures described. 

[0091 ] These anti-hTNFa antibodies included the murine MAbs designated CB0006 (also known as 61 E71 ), CB001 0 
(also known as hTNF1), hTNF3 and 1 01 .4 A brief summary of the CDR-grafting of each of these antibodies is given 
below. 

20 CB0006 

[0092] A similar analysis as described in Example 1 , Section 12.1 . of WO91/09967 was carried out for CB0006 and 
for the heavy chain 10 framework residues were Identified at positions 23, 24, 48, 49, 68, 69, 71, 73, 75 and 88 as 
residues to potentially retain as murine. The human frameworks chosen for CDR-grafting of this antibody, and the 
25 hTNF3 and 1 01 .4 antibodies were R El for the light chain and KOL for the heavy chain. The amino acid sequences of 
the murine CB0006 (CB6) (heavy and Light) REl (REI) light and KOL (KOL) heavy chain variable domains are given 
in Figure 3. 

[0093] Three genes were built, the first of which coded for amino acid residues 23, 24, 48, 49, 71 and 73 [gH341 (6)] 
as murine residues. The amino acid sequence of the variable domain coded by this first gene is shown as gCB6 in the 

30 heavy chain summary In Figure 3. The second gene also had amino acid residues 75 and 88 as murine residues 
[gH341(8)] while the third gene additionally had amino acid residues 68, 69, 75 and 88 as murine residues [gH341 
(10)]. Each was co-expressed with gL221 , the minimum grafted light chain (CDRs only) shown as gCB6 in the heavy 
chain summary in Figure 3. The gL221/gH341 (6) and gL221 /gH341 (8) antibodies both bound as well to TNF as murine 
61 E71 . The gL221/gH341 (1 0) antibody did not express and this combination was not taken further 

35 [0094] Subsequently the gL221/gH341(6) antibody was assessed in an L929 cell competition assay In which the 
antibody competes against the TNF receptor on L929 cells for binding to TNF in solution. In this assay the gL221/gH341 
(6) antibody was approximately 10% as active as murine CB0006. 

CB0010 (also known as hTNFI) 

40 

[0095] CB001 0 is a monoclonal antibody which recognises an epitope of human TNF-a. The EU human framework 
was used for CDR-grafting of both the heavy and light variable domains. The amino acid sequences of the heavy and 
light variable domains of EU (EU), CB001 0(htnfl) and grafted versions of CB001 0 (gEU, light; 2hEUg, heavy) are 
shown in Figure 1 . 

45 

Heavy Chain 

[0096] In the CDR-grafted heavy chain mouse CDRs were used at positions 26-35 (CDR1 ), 50-65 {CDR2) and 95-1 02 
{CDR3). Mouse residues were also used in the frameworks at positions 48, 67, 69, 71 , 73, 76, 89, 91 , 94 and 108. 
50 Comparison of the TNF1 mouse and EU human heavy chain residues reveals that these are identical at positions 23, 
24, 29 and 78. 

Light Chain 

55 [0097] In the CDR-grafted light chain mouse CDRs were used at positions 24-34 (CDR1), 50-56 (CDR2) and 89-97 
(CDR3). In addition mouse residues were used in the framewori<s at positions 3, 42, 48, 49, 83, 106 and 108. Com- 
parison of the hTNFI mouse and EU human tight chain residues reveals that these are identical at positions 46, 58 
and 71. 
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[0098] The grafted CB001 0 heavy chain was co-expressed with the chimeric light chain and the binding ability of the 
product compared wrth that of the chimeric light chain/chimeric heavy chain product in a TN F binding assay. The grafted 
heavy chain product appeared to have binding ability forTNF slightly better than the fully chimeric product. 
[0099] Similariy, a grafted heavy chain/grafted light chain product was co-expressed and compared with the fully 
5 chimeric product and found to have closely similar binding properties to the latter product. However when the grafted 
heavy chain/grafted light chain product was assayed in the L929 assay (see Example 4), it was found to have an activity 
only half that of the chimeric product. Thus further CDR-grafting experiments were carried out as described in Example 
2. 

10 hTNF3 

[0100] hTNF3 recognises an epitope on human TNF-a. The sequence of hTNF3 shows only 21 differences compared 
to CB0006 in the light and heavy chain variable regions, 10 in the light chain (2 in the CDRs at positions 50, 96 and 8 
in the framework at 1 , 19, 40, 45, 46, 76, 103 and 106) and 11 in the heavy chain (3 in the COR regions at positions 

fS 52, 60 and 95 and 8 in the framework at 1 , 10, 38, 40, 67, 73, 87 and 105). The light and heavy chain variable domain 
amino acid sequences of hTNF3 (Htnf3, light; hTNF3, heavy), CDR-grafted hTNF3 (gHTNF3, light; ghTNF3, heavy) 
and REI (REl, light) and KOL (KOL, heavy) are shown in Figure 4. The light and heavy chains of the CB0006 and 
hTNF3 chimeric antibodies can be exchanged without loss of activity in the direct binding assay. However CB0006 is 
an order of magnitude less able to compete with the TNF receptor on L929 cells for TNF-a compared to hTNF3. Based 

20 on the CB0006 CDR grafting data gL221 and gH341 (+23, 24, 48, 49 71 and 73 as mouse) genes have been built for 
hTNF3 and tested and the resultant grafted antibody binds well to TNF-a, but competes very poorly in the L929 assay. 
The gL221 gene codes for the gHTNF3 and the gH341 etc. gene codes for the ghTNF3 variable domain sequences 
as shown in Figure 4. It is likely that in this case other framework residues may need to be changed to Improve the 
competitive binding ability of this antibody. 

25 

101.4 

[0101] 1 01 .4 is a further murine MAb able to recognise human TNF-a. The heavy chain of this antibody shows good 
homology to KOL and so the CDR-grafting has been based on REI for the light chain and KOL for the heavy chain. 

30 The heavy and light variable domain amino acid sequences of 101.4 (101/4) and a CDR-grafted version of 101.4 
(g1014) and the REI light chain {1 ret) and KOL heavy chain (KOL) variable domains are given in Figure 2. Several 
grafted heavy chain genes have been constructed with conservative choices for the CDR's (gH341 ) and which have 
one or a small number of non-CDR residues at positions 73, 78 or 77-79 inclusive, as the mouse amino acids. These 
have been co-expressed with the chimeric light chain or the Kabat CDR-grafted light chain. In all cases binding to TNF 

35 equivalent to the chimeric antibody is seen and when co-expressed with cL the resultant antibodies are able to compete 
well in the L929 assay. However, with gL221 the resultant antibodies are at least an order of magnitude less able to 
compete for TNF against the TNF receptor on L929 cells. 

[0102] Mouse residues at other positions In the heavy chain, for example, at 23 and 24 together or at 76 have been 
demonstrated to provide no improvement to the competitive ability of the grafted antibody in the L929 assay. 

40 

Example 2 

Further CDR-Grafting of Mume anti-human TNFg Antibodies CB0010 and 101 .4 

45 [01 03] Murine anti-human TNFa monoclonal antibodies CB001 0 and 1 01 .4 were further CDR-grafted substantially 
as described in WO91/09667. 

CB001Q 

50 [0104] CB001 0 is a monoclonal antibody which recognises an epitope on human TNF-a. The EU human framework 
was used for CDR-grafting of both the heavy and light variable domains. 

[0105] The amino acid sequences of the heavy and light chain variable domains of the EU acceptor, CB001 0{htn 
f 1) murine donor and CDR-grafted (gEU, light chain and 2hEUg, heavy chain) antibodies are given In Figure 1 . 

55 Heavy chain 

[01 06] In the CDR-grafted heavy chain (2hEUg), mouse CDRs were used at positions 31 -35 (CDR1 ), 50-65 (CDR2) 
and 95-1 02 (CDRS). 
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Mouse residues were also used in the frameworlcs at positions 12, 27, 30, 38, 46, 48, 66, 67, 69, 71 , 73, 76, 83, 89, 
91 , 94 and 1 08. Comparison of the CB001 0 mouse and EU human heavy chain residues reveals that these are identical 
as positions 23, 24, 29 and 78. 

5 Light chain 

[0107] In the CDR-grafted light chain (gEU) mouse CDRs were used at positions 24-34 (GDR1 ), 50-65 (CDR2) and 
89-97 (CDR3). In addition mouse residues were used In the frameworks at positions 3, 42, 48, 49, 1 06 and 1 08. The 
human consensus residue (valine) was used at position 83. Comparison of the CB0010 mouse and EU human light 

10 chain residues reveals that these are Identical at positions 46, 58 and 71 . 

[0108] The grafted CB0010 heavy chain was co-expressed with the chimeric light chain and the binding ability of the 
product compared with that of the chimeric light chain/chlmeric heavy chain product in aTNF binding assay. The grafted 
heavy chain product appeared to have binding ability for TNF slightly better than the fully chimeric product, 
[0109] Similarly, a grafted heavy chain/grafted light chain product was co-expressed and compared with the fully 

IS chimeric product and found to have closely similar binding properties to the latter product. The specific combination of 
grafted light chain (gEU) and grafted heavy chain (2hEUg), as shown in Figure 1, provides the antibody known as 
CDP571. The murine CB0010 (CB0010), chimeric CB0010 (chimeric CB0010) and the grafted heavy chain/grafted 
light chain product(CDP571 ) were compared for binding to human TNFa in a standard assay. The results obtained are 
given in the table below in temis of the Kq (pM) measured for each antibody. 

20 



25 



Antibody 


Kd(pM) 


CB0010 


80 


Chimeric GB0010 


81 


CDP571 


87 



[0110] The fully grafted antibody product (CDP571) is currently in pre-clinical development for treatment of sepsis 
syndrome and acute transplant rejection. 

30 101.4 

[0111] 101 .4 is a further murine MAb able to recognise human TNF-a. The heavy chain of this antibody shows good 
homology to KOL and so the CDR-grafting has been based on REI for the light chain and KOL for the heavy chain. An 
improved CDR-grafted product has been prepared. Variable domain amino acid sequences for REI (rei, light chain), 
35 KOL (KOL, heavy chain) murine 101 .4 (101/4, heavy and light chain) and fully grafted antibody (g1014, heavy and 
light chain) are shown in Figure 2. 

Heavy chain 

40 [0112] In the CDR-grafted heavy chain (g1014) mouse CDRs were used at position 31-35 (CDR1), 50-65 (CDR2) 
and 95-102 (CDR3). Mouse residues were also used in the framework at positions 4, 11, 23, 24, 28, 73, 77, 78, 79, 
91, 93, 94 and 108. 

Light chain 

45 

[0113] In the CDR-grafted light chain (g1014) mouse CDRs were used at positions 24-34 (CDR1), 50-56 (CDR2) 
and 89-97 (CDR3). in addition mouse residues were used in the framework at positions 1, 3, 4, 39, 73, 105 and 107. 
The human consensus residue (valine) was used at position 104. 

[01 14] The fully grafted heavy and light chain (g1 014) were co-expressed and their binding to TNF compared with 
50 murine and chimeric 101 .4 and also the fully grafted (gEU/2hEUg, CDP571) CBO0 10 antibody. The fully grafted 101 .4 
antibody was found to having binding properties for human TNFa similar to the murine, chimeric, and grafted CB0010 
antibodies. 



55 
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Example 3 

In vltr comparls n of Murin and CDR-graft d AntibodI s 

5 A. Affinity Measurements for Murine CB0010 and CDP571 
Materials and Methods 
Materials; 

io 

[0115] PBS/BSA : Dulbeccos PBS + 1% (wA^) bovine serum albumin. TNF: 50nM rec. human TNF-alpha (BIssendorf 

Blochemicals), 0.85)ig/ml in PBS/BSA. 

Stock ^^ ^l-TNF : 5^01, 185kBq (Amersham International) dissolved in 500^1 water and stored at -70°C. 
Working Solution ''^ ^l-TNF : -62pM for titration curve and 124pM for Scatchard analysis, in PBS/BSA. 
15 Antibodies: Purified murine CB0010 (mHTNFI) and CDP571 were quantified by A280nm (Elmg/ml, 280nm="' '*), and 
diluted to a concentration of 1fig/ml for titration, or 200ng/ml for Scatchard analysis. 

Immunobeads : Goat anti-murine IgG whole molecule-agarose or goat anti-human IgG whole molecule-agarose (Sig- 
ma) were used undiluted. 

20 Method: 

[0116] Antibody titration: mHTNFI and CDP571 were titrated in doubling dilutions (100m.I each) to give a total of 16 
samples and ^25|.jnf (100p.l, 62pM) was added. The final top concentration of antibody was 500ng/ml and ''^si.jNp 
was 31pM. Control tubes (8) contained i^si-jfsjp gpd PBS/BSA only. The samples were left to equilibrate overnight at 

25 room temperature, with shaking. After equilibration , 25jil goat anti-mouse-agarose was added to the mHTNFI samples, 
and 50jil goat anti-human beads were added to the CDP571 samples except for the total '•^si-TNF controls. Non- 
specific absorption of 125|_jnp to the agarose beads was corrected for by adding beads to 4 of the controls and com- 
paring supernatant counts for these samples with those containing PBS/BSA instead of beads. After 1 hour equilibration 
at room temperature PBS/BSA (0.5ml) was added and the samples were centrifuged at 1 SOOrpm for 1 0 mins at 20°C. 

30 The supernatant (0.5ml) was removed and radioactivity was counted in a gamma counter. 

Confirmation that i^^l-TNF behaved similarly to the un labelled material in this assay was made by performing the 
antibody titration In the presence of mixtures of ""^si-tnf and uniabeiied TNF (at 25% and 75% ^25|-jfsjF) at the same 
total concentration. 

Scatchard analysis: For both antibodies, uniabeiied TNF (1 OOjil, 50nM) was titrated in duplicate, in 1 3 doubling dilutions. 
35 One sample containing PBS/BSA In place of TNF was included for each antibody. ^25|.j|sjf (50[il, 124pM) was added 
to each sample. A constant amount of antibody, determined from the titration cun/e (50^.1, 200ng/ml) was then added. 
This gave the following final concentrations: antibody, 50ng/ml; TNF, 25nM top concentration; ""^Si-tnF, 31 pM. The 
samples were left to equilibrate overnight and then treated exactly as for the antibody titration samples. 

40 Caiculations 

Titration Curves 

[0117] 

45 

Bound ^^I-TNF cpm = NSB cpm - supernatant cpm 

125 

50 Bound l-TNFcpm 

Total ^^^l-TNF 

NSB = non-specific absorption blank, supernatant cpm 
Total = total counts for ^^si.jnf only 
55 B/T was plotted against antibody concentration and the appropriate antibody concentration for use In Scatchard anal- 
yses was chosen at B/T = 0.6 
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Scatchard analysis 

[0118] The mean of duplicate determination was used throughout 



NSB = Total cpm-NSB supernatant cpm 



Free cpm = sample cpm + NSB 



Proportion of freeTNF = Free/Total (F/T) = 

sample cpm + NSB cpm _ „ .p _ 1-F/T 
Total cpm -t^'J"- p/j 

B/F was plotted against Bound TNF to give a slope of from which was calculated 
RESULTS 



[0119] 



Dissociation constants for murine CB0010 and CDP571 


Antibody 


Kd-M 


Murine HTNF1 
CDP571 


1.3x10-10 
1.4x10-10 



B. Competition of murine CB0010 (Muhtnfl) and CDP571 (GrtiTNFI) with HRP-conju gated in Murine CB0010 for 
binding to rhuTNF 

Method 

[0120] A 96 well microtitre plate (Nunc, Maxisori?) was coated with 1 0Onl/well TNF at 0.5^g/ml. 
Serial dilutions of murine or grafted antibody were prepared using PBS/1% BSA diluent, from 200fig/ml to 0.01 ^g/ml. 
50^1 of antibody was added to each well followed by 50^1 HRP-murine CB001 0 at 3 concentrations (0.625, 0.315 and 
0. 1 6fig/mi) . Plates were incubated for 2 hours at room temperature with agitation, washed 4 times with PBS and 1 0O^il 
of TMB substrate added. 

Optical Der^sity was measured and OD plotted against antibody concentration. 
Conclusions 

[01 21] Curves for both murine antibody (MuhTNFI ) and grafted antibody (GrhTNFI ) are superlmposable, indicating 
both antibodies compete with similar affinity for binding to TNF (see Figure 5). 

Example 4 

Comparison of Murine CB0010 and CDR-grafted CDP571 Antibodies in Bioassay and Animal Model 
Experiments 

A. Neutralisation of TNF by CB001 0 and CDP571 in the L929 Assay 

[0122] The ability of the parent murine antibody CB001 0 (hTNF1 ) and the CDR-grafted antibody CDP571 to neutralise 
recombinant human TNF was determined using the L929 bioassay. The assay uses the L929 mouse fibroblastoid cell 
line which is killed by TNF. The assay is perfonned in the presence of 1 ug/ml actinomycin D which renders the cells 
more sensitive to TNF. Serial dilution of the two antibodies were mixed with a constant amount of recombinant human 
TNF (100 pg/ml) and added to a L929 monolayer in 96 well flat bottomed plates. After a 16 hour incubation the cells 
which had not been killed by TNF were revealed using the stain crystal violet. The apparent amount of TNF not neu- 
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tralised (residual TNF) was determined by comparison with a recombinant TNF standard curve. Results from a repre- 
sentative experiment where residual TNF is plotted against antibody concentration are shown in Figure 6. It can be 
seen that CB0010 and CDP571 have similar neutralisation activities. 

B. Effect of CDP571 in Baboon Sepsis Model 

[0123] In this study the effect of the prior treatment with CDP571 on the physiological consequences of severe sepsis 
(including death) was assessed. Baboons were chosen as a relevant species to study since CDP571 Is known to 
neutralise baboon TNR 

Male adult baboons, Paplo urslnus, weighting 20-25 kg were anaesthetised with ketamlne hydrochloride and sodium 
pentabarbitone and Instrumented for the measurement of blood pressure, cardiac Index (by thennodiiutlon), ECG and 
right atrial filling pressures. An infusion of either saline only or antibody was then given for 120 min at a rate of 2.5 ml/ 
kg/h following whteh they were given a further 120 min infusion of live E.coli at the same infusion rate. The bacterial 
strain used was Binshaw's strain B7 ([086a:61], ATCC 33985) administered whilst in the log growth phase at a dose 
of 2x1 0® CFU/kg giving a plasma concentration of 2-2.5x1 0^ CFU/ml at the end of the Infusion. Following a further 120 
min, animals were returned to their home cages, given free access to food and water and monitored for cardiovascular 
changes twice a day for 3 days. All animals were given constant fluid replacement infusion of 5 ml/kg/h which was 
adjusted, where necessary, to maintain adequate right heart filling pressures. Baboons that had died during treatment 
or that had survived the 72h experimental period, and then killed were post-mortemed. All major organs were assessed 
for gross macro-pathalogical damage according to semi-quantitative scale being the most severe). 
[0124] Animals were randomly assigned to one of 4 treatment groups; 

saline only 

- CDP571 0.1 mg/kg 

- CDP571 1.0 mg/kg 

CB001 0 0.1 mg/kg (parent murine antibody) 

[0125] The survival and cumulative organ damage scores are shown In table 1 . CDP571 at 1 .0 mg/kg prevented 
death and significantly (P<0.005) reduced the incidence of organ damage In this model; furthermore, these effects 
were dose-related (P<0.005). In addition, the survival rate and organ damage score seen with CB0010 were similar 
to those seen with CDP571 at the same dose, indicating a maintained in vivo potency of CDP571 compared to its 
parent murine antibody. 
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Table I 
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35 Claims 

1. ACDR-grafted humanised antibody which has specificity for human TN Fa wherein the heavy chain variable domain 
has the sequence QVQLVQSGAE VVKPGSSVKV SCKASGYTFTDYNVD WVKQA PGQGLOWIGN INPNNGGTI- 
YNQKFKG KGTLTVDKSTSTAYMELSSLTSED TAVYYCARSA FYNNYEYFDV WGQGTTVTVSS 

40 

2. The CDR-grafted humanised antibody of claim 1 , wherein the light chain variable domain has the sequence DIM- 
MTQSPST LSASVGDRVTIT CKSSQSLLYSNNQKNYLA WYQQKPGQAPK LLiSWASTRES GVPSRFIGS GS- 
GTEFTLTI SSLQPDDVAT YYCQQYYDYP WTFGQG TKVEIKR 

45 3. A DNA sequence which encodes a heavy and/or light chain of a CDR-grafted humanised antibody according to 
claim 1 or claim 2. 

4. A cloning or expression vector containing a DNA sequence according to claim 3. 

50 5. A host ceil transfomned with a vector according to claim 4. 

6. A process for the production of a CDR-grafted humanised antibody according to claim 1 or claim 2, comprising 
the step of expressing a DNA sequence according to claim 3 in a transfonned host cell. 

55 7. A therapeutic or diagnostic composition comprising a CDR-grafted humanised antibody according to claim 1 or 
claim 2. 

8. A CDR-graRed humanised antibody according to claim 1 or claim 2 for use in treating a pathology mediated by 
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TNFa. 

9. A CDR-grafted humanised antibody for use according to claim 8, wherein said pathology mediated by TNFa Is 
rheumatoid- or osteo-arthritis. 

5 

Patentansprtiche 

1. CDR-gepfropfter, humanisierter Antikorper, der Spezifitat gegen menschlichesTNFa aufweist, wobei die variable 
10 Domane der schweren Kette die Sequenz QVQLVQSGAE VVKPGSSVKV SCKASGYTFTDYNVD WVKQA 

PGQGLQWIGN INPNNGGTIYNQKFKG KGTLTVDKSTSTAYIVIELSSLTSED TAVYYCARSA FYNNYEYFDV 
WGQGTTVTVSS aufweist. 

2. CDR-gepfropfter, humanisierter Antikorper nach Anspruch 1, wobei die variable Domane der leichten Kette die 
15 Sequenz DIMMTQSPST LSASVGDRVTIT CKSSQSLLYSNNQKNYLA WYQQKPGQAPK LLISWASTRES GVPS- 

RFIGS GSGTEFTLTISSLQPDDVAT YYCQQYYDYP WTFGQG TKVEIKR aufweist. 

3. DNA-Sequenz, die eine schwere und/oder leichte Kette eines CDR-gepfropften, humanisierten Antikdrpers nach 
Anspruch 1 Oder Anspruch 2 kodiert. 

20 

4. Klonierungs- oder Expressionsvektor, der eine DNA-Sequenz nach Anspruch 3 enthalt. 

5. Wirtszelle, transfomniert mit einem Vektor nach Anspruch 4. 

25 6. Verfahren fur die Herstellung eines CDR-gepfropften, humanisierten Antikorpers nach Anspruch 1 oder Anspruch 
2, die den Schritt der Expression einer DNA-Sequenz nach Anspruch 3 in einer transfomnierten Wirtszelle umfaBt. 

7. Therapeutische oder diagnostlsche Zusammensetzung, die einen CDR-gepfropften, humanisierten Antikorper 
nach Anspruch 1 Oder Anspruch 2 umfaBt. 

30 

8. CDR-gepfropfter, humanisierte Antikorper nach Anspruch 1 Oder Anspruch 2 zurVerwendung bei derBehandlung 
einer durch TNFa vermittelten Pathologie. 

9. CDR-gepfropfter, humanisierte Antikorper zur Venwendung nach Anspruch 8, wobei die durch TNFa vemrilttelte 
35 Pathologie rheumatoide Arthritis oder Osteoarthritis ist. 



Revendicatlons 

40 1. Antlcorps humanist k greffe de CDR, qui a une sp6cificit6 pour le TNFa humain dans lequel le domalne variable 
de chame iourde a la sequence suivante: QVQLVQSGAE VVKPGSSVKV SCKASGYTFTDYNVD WVKQA 
PGQGLQWIGN INPNNGGTIYNQKFKG KGTLTVDKSTSTAYMELSSLTSED TAVYYCARSA FYNNYEYFDV 
WGQGTTVTVSS. 

45 2. Antlcorps humanist a greffe de CDR selon la revendication 1 , dans lequel le domaine variable de chafne leg^re 
a la sequence suivante: DIMMTQSPST LSASVGDRVTIT CKSSQSLLYSNNQKNYLA WYQQKPGQAPK 
LLISWASTRES GVPSRRGS GSGTEFTLTI SSLQPDDVAT YYCQQYYDYP WTFGQG TKVEIKR. 

3. Sequence d'ADN qui code pour une chaTne Iourde et/ou legere d'un antlcorps humanise a greffe de CDR selon 
50 la revendication 1 ou la revendication 2. 

4. Vecteur de clonage ou d'expression contenant une sequence d'ADN selon la revendication 3. 

5. Cellule hote transformee avec un vecteur selon la revendication 4. 

55 

6. Precede pour la production d'un antlcorps humanist k greffe de CDR sefon la revendication 1 ou la revendication 
2, comprenant l'6tape d'expression d'une s6quence d'ADN selon la revendication 3 dans une cellule h6te trans- 
fomiee. 
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Composition therapeutique ou de diagnostic comprenant un anticorps humanist k greffe de CDR selon la reven- 
dication 1 ou la revendication 2. 

Anticorps humanist h greffe de CDR selon la revendication 1 ou la revendication 2 k utitiser pour le traitement 
d'une patliologie k mediation du TNFa. 

Anticorps humanise k greffe de CDR k utiliser seion ia revendication 8, ladite patliologie a mediation du TNFa 
6tant la polyarthrite rhumatoTde ou I'arthrose. 
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jiq^t Chain P#ta 



1 BU DIOMTQSPST ,LSASV6DRVT ZTCRASQSI imTLA mTQQKPGICAPX 

htnf 1 DZKMSQSP8S ''lAVSVCEKVTKS CK86QSI.LYS»KgKKYLK mCQQKPCfiSPK 
g EU DZXMTQSPST LSASyGDRVTZT CKSSQSLLYSKHQXNyZA mrQgKPGflAPj: 

£U tLKmSBLZ 86VP8RFXGS 666TEFTtTZ 6SI.QPDDFAT YyCQQYHSDS 

htSf 1 LLIgRASTRES 6VPDRPTGS 6S6TDPTLTI BSVXAEDgAV YYCQQYYDYP 
gBU LLZ6WXSTRES 6VP8RPZ6S 6SGTEFTZ.TZ G$LQPDDSAT YYCQQyyDyp 

3 £u KMFGQG TIHTEVKG. . (XAPPA) 

htnfl irxFGGG SKr£ZX.«...«Dti hiu&an TMF seq from 
9 Eu WTFGQG XKVEXXB. • (XAPPA) 

traa^vorX residues changed (/ = Xa^at) 

ehgs 3/42/48/49/83/106/101 

peavy P^t^ 

BU QVQLVQ8GAE 8CXASGGTF8RSAZZ WVRQA l^OQGhmrHQG 

htftfl EVIiLQQ86P£ LSKPGASVEZ PCAA6GXTFXDYWD WV£QS HGESLQiliaM 
2hEug QVQXiVQSGAE VSKPGS8VEV 8ClCASGYTFTDYinrD WVEQA PGQGLQVZGM 

SV XyPMFGPPKYAQKFQG RVTZTADESTHTAYMELSSZiRSED TAFYFCAGGY 

btnfl INPNKGGTXYNQKPXG EgTIjTVDKSSSTAYMELRSLTSED TAVYXCARSA 
21lEug XKPMKG6TXYIIQXPXG 2G!I3'7VDXST8TAYMEtSSLTSED TAVYYCARSA 

Eu GZYSPE «GQGTLVTV88.grp Ikabat cdr chg frvk4 

btnfl FYVHYEYF0V VGAGTTVTV8S 
EbEug FYVNYEYFOV VGQGTTVTV88 

fraaevork. residues changed <# = kabat) 

ehgs 12/27/30/38/46/48/66/67/69/71/73/78/83/89/91/94/108 

Fig. 1 
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CPU flIIAgTIKQ CT 181^4 

LIGHT CHAIM 80MHARY 

1 rei DZQKTQSPSS LSASVGDRVT ZTCQMQDZ ZKYLNV YQQTPGRIVPR 

101/4 QZVLTQSPPZ MSASPGEXTT MTCSASSSVSFXY W YQQKPGSSPR 

91014 QZyi.TQ8P6S LSA8VGDRV7 ZTCSA8S8V8FMY W YQQKPGXAPX 

2 rel ILIYEA8KIQA GVPSRFSGS GS6TDYTPTI S5LQP£0IAT YYCQQYQSLP 
101/4 Z1LZYDA8ZLAS eVPVRFSGS GS67SYSLTZ 8Itll£A£DVA7 YYCQQWSfiYS 
91014 LLZYOAfiZZAS GVPSRFSGS GS6TDYTX.TZ SSZrQPEDXAT YYCQQVSDYS 

3 rei YTFGQGTRLQ ITR».celltech rei 

101/4 FRTF6GGTXLB ZXR TBZG IS MOOSE (INSERTION IN CDR3I JSg 

glOl4 PRTFGQGtXVS ZXR. .celltech rei 

Cramoevork residues changed (# s Xabatl 

1/3/4/39/73/104/10S/107 

HEAVY CHAIK StmMARY 

23 48 

XOL QVQLVBS6GG WQPGRSZiRL 8CSSSGFIF65YAKY mTRQA PGXGLEflVAI 

101/4 EVXXEBSGGG WQPGGSMXL SCZASGFTPSNYVKN mTRQS P£X6IiEI?V3i£ 

91014 QVQrVSSGGG WQPGRSZiRXi SCZASGFTPSHYVXN WVRQA PGXGLEITVAS 

71 88 
XOL ZWDDGSDQRYAOSVKG RFTZSRONSXKTLFIQKDSLRPED TGVYFCARDG 
101/4 VRLgSDNFTTBYAESVXGRFTZSRDDSXSGVYLQMNNLGAED TGIYYCTPFA 
91014 VRLCSDMFTTBYAESVXGRFXZSRDDSXKGVYLQXDSLRPED T6VYYCTFFA 

XOL GRGFCSSASCFGPDY ITGQGTPVTVSS* . . .EUMANdcabat CDR def&) 
101/4 Y frGQGXLVTVSP..»HaOSE seq 

9IOI4 Y VGQ6TLVTVSS 

fraaevork residues changed (# s Xahat) 

4/11/23/24/28/73/77/7B/79/81/93/94/108 



Fig. 2 
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eiB7i 

JtEX DXQKTQSPS6 tSASVGDRVT ITCOASQDZ IKVLll VYQQTPCKAPK 

CB6 SrVXTQTPXr X.LVSAGDRVT XTCXASQSVS VDVA WYQQKSCQSPX 

9CB6 DIQMT08PS8 LSXSVGORVT XTCXMQSVS KDfVA WYQQTPGXAPX 

REX LtZYEASKLQA GVPSRFSGS GSCTDYTFTZ SStQPEDZAT YYCQ^^YgSLP 

CB^ VX>ZYRV6KRY7 GVPDRJPT6S GY6TDPTFTX TTVQASDLAV YFCQQDYSSP 

gCB€ LXtZraVSNRVT GVPSRFBGS G86TDYTFTX SSZiQFCDZAT YYCQgPYSSP 

RSX YTPGOOTRLQ XTR. • • celltech r ft! (KAPPA) 

CB€ VTPGGGTXLB XR* » * • M0U8B AB».* RBX (HO FWRKS) 

gCB6 BTPGQGTXLQ XTR. • • grafted AB sequeacv 



XOL QVQLVBSGGG WQPGRSZJIL 8CSSSGPZP8SYAKY ITVRQA PGXGX^BWVAZ 

CBtf OIQLyQSGPD LKXPGB7VXZ 8CXA86YTFTNYG2CN BVXQT PGXGtXB||GW 

gCB8 QVQLVMQGG WQPGR8Z»RL BCEABGYTFTHyGXM WVRfiA PGXGLBUHGB 

KOZ» XWDDGSDQRYADSVXG RFTXBRONSmTLPLQtfPSLRPED TGVYPCAROG 

CB6 XKTYTGEPTYDDDFXG RPAFBLBaSABTAYX^ZMKLXKBO KATFFCARQE 

gCB6 ZMTYTGBPTYDDDFXG RFTZSZfD^SKKTLFtQKDSLRPED TGVYFCARQS 

XOL GHGFCSSA8CF6PDY WGQGTPVTVS * BX7MAM 9rp3 (ka^at CDR daf&) 
CB« GFYAHDY WGQGTSLTVSS. .HOOSB AKTI^THF se^e&ce 

gCB6 GFYAMDY WGQGTPVTVS. grafted AB saqaenee 



Fig. 3 
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tlTKF3 

LIGHT cyMW SXJKMXyY 

KEZ DIQMTQSPSS LSASVGDRVT XTCQXSQDZ IKYLN WYQQTPGXXPX 

BTKF3 KIYMTQTPKF r.LV6A6DRIT XTCKASQSVS KDVA WYQQKPGQSPR 

9BTKF3 DIQMTQSPSS LSA8VGDRVT ITCKASQSVS KDVX VYQQTPGKAPX 

REZ LLZYRASMLQA GVPSRFSGS GSGTDYTFTX 6SLQPE0IAT YYCQQYQSLP 

ET1IF3 LLinVSIIRYT GVPORFTOS 6YGTDFTFTZ STVQABDLAY YTCQQDYSSV 

gHTNF3 LlZnVSKRyT OVPSRTSGS OSGTOYTFTZ SSLQPSDZAT YYCQQDYfiSP 

REZ YTFGQGTKLQ ZTR«« (KAPPA) 

BTM73 YTFGGGTRLB VX« • • • M0D8B AB seque&ee 

gBniF3 YTFGQ6TKLQ ZTR. .grafted sequence 

XOL QVQLVESGGG WQPGRSLRXi 8CS88GFZFS8YAKY WVRQA PGXGLBWVAZ 

hT19F3 RZQLVQ3GPB LKKPGBTVKI SCXASGyTPTHYGKH BVTQA PGKGLXWMGW 

ghTNF3 QVQLVBS66G WQPGRSLRL 8C£&SGYTITNYGKM WRQA PGXGLBWMGW 

XOL ZWDOGSDQHYADSVKG RFTZSRJOKSXMTLFLQKDSLRPED TGVYFCAROG 

bTNF3 Z19TYTGEPTYADDFXG RFAFSLETSASTAYLQIMMLRNED TATYFCARXE 

ghTNF3 ZKTYTGEPTYADDFRG RFTZS&DTSKHTLFLQKOSLRPED TGVYFCARXE 

XOL GBGFCSSASCFGPDY WGQGTPVTVS . RUMAK grpa 

IIT1IF3 6FYAK0Y VGQGTSVTVSS. . •MOUSE. AMTX-TIIF Sequence 

ghXIIFS GFYAMDY WGQGTPVTVS • grafted AB sequesee 



Fig. 4 
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hTNFl COMP ASSAY 

MuhTNFI/GrhTNFI 



1000 



0D(63O*A90) 




04)01 
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ug/ml 

-^GRAFTED -^MURINE 

Fig. 5 
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